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PROGRESS REPORT FOR THE PERIOD 10/78 - 3/80 
During the first 18 months of our NSF program we have studied the 
kinetics of three important OH radical reactions as a function of tempera-
ture and pressure: 
OH + NO2 + M --* HNO3 + M 	 (12) 
OH + COS ---J.Products 	 (13) 
OH + CS 2 -0 Products . 	 (14) 
In addition, two methylperoxy radical reactions, 
CH 3 0 2 + NO --* CH30 + NO 2 	 (15) 
and 
CH302 + CH302 	Products, 	 (16) 
have been studied at 298K. 
Reaction (12) was studied over a wide range of experimental con-
ditions. A total of 57 bimolecular rate coefficients were measured. In 
the course of this study, the sensitivity of our flash photolysis-
resonance fluorescence apparatus was improved significantly, thus allowing 
data to be obtained at N2 pressures up to 225 Torr (initial OH concentra-
tions of < 3 x 10 11 per cm 2 ). Our results are in excellent agreement with 
those obtained by Anastasi and Smith' and, therefore, greatly reduce the 
uncertainty in k12(P,T) under atmospheric conditions. Our studies of 
Reactions (13) and (14) were recently completed. The improvements in 
apparatus sensitivity which were realized in the study of Reaction (12) 
were crucial to the studies of Reactions (13) and (14) because very low 
OH concentrations had to be employed in order to avoid secondary reactions 
1 
of COS/CS2 phQtofragments with OHft. The results show that both k 13 and 
k14 are much slower than previously believed; 2 ' 3 it now appears that 
neither reaction is important .!ri tropospheric sulfur chemistry. A re-
print of a recent publication describing the study of Reaction (12) and 
preprints describing the investigations of Reactions (13) and (14) are 
attached as Appendices A-C. 
Reaction (15) was studied using laser photolytic production of 
CH302 followed by time resolved laser induced fluorescence detection of 
the NO2 product. This experimental technique was developed as part of 
the current program. Experimental details and a summary of results are 
given in Appendix D. Our result, k15 " 7.6 x 10
-12 
cemolecule -l s -1 is 
in excellent agreement with two other recent determinations. 4 ' 5 It 
suggests that CH30 2 radicals will, via Reaction (15), efficiently produce 
NO 2 and hence 03 in both the polluted and the clean troposphere. 
The study of Reaction (16) was carried out using a recently con-
structed laser flash photolysis-long path laser absorption apparatus (LFP-
LPLA) which was first built to study the reaction 
CH302 + NO2 + N2 —to CH302NO2 + N2 
	
(17) 
as a function of temperature and pressure. Our result, k16 ti 4.5 x 10 -13 
 cemolecule-1 s
-1 
 is in good agreement with another recent direct measure-
ment by Sander and Watson.
4 
The investigation of Reaction (17), which was 
funded by the Federal Aviation Administration, is now complete and a preprint 
describing this work and the LFP-LPLA apparatus is attached as Appendix E. 
The LFP-LPLA apparatus gives us the capability to study many reactions which 
cannot be investigated using fluorescence probing techniques. The capabilities 
of the system will be further enhanced when we can replace the fixed frequency 
laser probe which is currently being employed with a tunable laser probe. 
2 
During the remaining six months of the present grant period we 
expect to determine the temperature dependence of kis and study the 
kinetics of the reaction 
OH + NO 2 
H02 + NO 
HNO3 
as a function of temperature and pressure. In all experiments, time 
resolved detection of NO2 by laser induced fluoresence will be used as 
the kinetic probe. As discussed in the original proposal, Reaction (18) 
will be studied under pseudo-zeroth order conditions. This means that 
the absolute concentration of the reactants and the NO2 product must be 
measured. In the case of Reaction (15), determination of the absolute 
concentration of the CH302 reactant and the NO 2 product will allow the 
NO2 yield to be determined. Over the past eighteen months, we have 
spent considerable time developing a laser flash photolysis-laser induced 
fluorescence apparatus which is adaptable to studies which require 
knowledge of absolute transient concentrations. The apparatus and its 
application to the study of Reaction (15) is described in a reprint which 
is attached as Appendix F. We had hoped to have this apparatus non-linen 
several months ago, but encountered a long delay in obtaining a segmented 
aperture optical integrator with a suitable coating for high UV reflec-
tance. This device, which converts the photolysis laser beam into one 
with a uniform spatial intensity distribution, allows us to produce known 
concentrations of reactive free radicals. It was delivered about one 
month ago (March 1, 1980) and meets specifications. 
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PART II—SUMMARY OF COMPLETED PROJECT /FOR PUBLIC USE) 
This project involved the measurement of gas kinetic rate constants as a function o f 
	
temperature for several 	key tropospheric reactions. 	The folloWing four reactions were 
studied over the temperature range 240-370K 
,.., 	. ._. 	_ 	___ 	_ 	_ 1,\ 
2 3 
M = He,Ar,N 2 ,SF 6 
OH + CS (2) 2 -----)- 	products 
OH 	COS ----÷,products (3)  
CH 3 0 2 	NO 	products. (4)  
Our results for reactions (1) and (4) confirmed the results of earlier studies from other 
laboratories, thereby firmly establishing the role of reaction (1) in tropospheric HO x 
 and NOx chemistry and the role of reaction (4) in hydrocarbon oxidation. The NO2 product 
of reaction (4) was monitored in real time, allowing us to demonstrate by a direct tech-
nique that reaction (4) proceeds predominately via the channel giving CH30 	NO2. We 
found that reactions (2) and (3) were much slower than earlier measurements had indicated. 
This finding makes the role of reactions (2) and (3) in tropospheric sulfur oxidation 
very unclear. Based on CS2 absorption cross section measurements and modeling calcula-
tions, we have proposed that the reaction of electronically excited CS 2 with 02 may be 
a more important CS2 oxidation mechanism than reaction (2). 
In order to study reaction (4), a new laser-based extension of the conventional 
flash photolysis technique was developed. As mentioned above, the new technique per-
. mitted a direct measurement of a product yield; it also shows promise for studies of 
radical-radical reaction kinetics at tropospheric pressures. 
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